F ra n k R ichards was a modest and somewhat shy man with a diffident manner which gave little hint at a first meeting of his remarkable talents. He was one of the ablest plant physiologists of his generation but owing to his habitual reticence his influence was restricted largely to those privileged to work in close contact with him. He lived a quiet domestic life appearing sometimes at scientific meetings in London and elsewhere. He travelled abroad only two or three times to international gatherings of botanists and could only with difficulty be persuaded to present a paper himself. He appeared to be extremely self-sufficient and because of his unfailing habit of setting out to help others his personal contacts rarely brought out his own personal needs. Probably only his family knew him really well. Colleagues of many years standing all say they never got to know him intimately but their feeling is expressed in the words of one of them : 'Although I never got to know him I became well aware that he was a marvellous person with the highest standards of integrity.' In Who's Who Richards rec as 'scientific dilettantism' but this is only accurate in so far as his spare time was occupied by a variety of scientific activities which included astronomy, archaeology, natural history and stereo photography. To these hobbies he brought, not the attitude of the dilettante, but profound knowledge, manual skill and meticulous care. He made a reflector telescope, patiently grinding the parabolic mirror himself, and many will remember star gazing with him, during the second world war, using this telescope. He made a collection of Lepidoptera to which his friends contributed by collecting caterpillars for him. He would wait for emergence of the moth, so that in his beautifully set specimens not a single scale was disturbed. He bred hawk moths to clear up a genetical point. He was also intensely interested in mathematical series, particularly that of Fibonacci, and derived many geometric and algebraic variations therefrom. He was always ready to share his hobbies and if a real interest was detected would fascinate his listener with his quietly enthusiastic erudition. During his holidays in Wales or on Dartmoor he pursued his archaeological interests, visiting prehistoric sites and with his keen eye even discovered and made a collection of Palaeolithic flint tools from the classical fields at Rothamsted. He had a delightful and gentle sense of humour which enlivened many a tea-time discussion. At one, when admiration was expressed at the care with which he considered every little detail of a proposed
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Biographical Memoirs experiment and the prolonged time he spent on planning it, his reply was that he was too lazy to risk having to repeat any part of his work because of avoidable lack of foresight. Richards was often reluctant to express opinions, but on occasions after listening in silence for a long time would startle the protagonists in a discussion by asking a pertinent question which not only emphasized his grasp of the issues but revealed errors in the thinking behind the views being put forward. His diffidence thus did not conceal uncertainty but a shrewd and analytical mind. When his opinions were expressed they were supported by adequate knowledge and defended, if challenged, by closely reasoned argument. He could indeed be very firm where scientific principle was involved and did not hesitate to correct misinterpretation where he felt it necessary, although he never sought controversy. His acutely critical mind recognized the essentials of a problem at once and he made a direct attack upon it, designing the simplest experiment he could to test an hypothesis, defined as strictly as possible.
He is remembered with admiration for his versatility, with respect for his learning and with affection for his unselfish and unfailing kindness.
Francis John Richards was born on 1 October 1901 at Burton-on-Trent, son of Robert Richards. He was the third child of a family of four, three boys and a girl, and grew up in a happy home and in a united family. His eldest brother was killed in action towards the close of the first world war and his other brother entered the family butcher's business, well known in the town, and later became the proprietor. At home many aspects of natural history were cultivated and the boys were encouraged in their several hobbies. As a result Frank early developed an interest in natural history and in astronomy and when quite young had a large collection of his own specimens and microscope slides. He also early became an accomplished amateur photographer. Richards attended Burton Grammar School from 1914 to 1921 where he was an outstanding pupil of whom the school is still very proud. Although his interests were diverse, biology became his chief subject, partly no doubt due to the early encouragement at home but also to the inspiration of one of his schoolmasters, Mr Storer. Storer initiated a field club record of which Frank became the first editor and which somewhat surprisingly later grew into a school magazine. While still at school he became a junior member of the local archaeological society and later attributed the development of his talents to the stimulation he received from the society's field meetings. He maintained his connexion with it throughout his life and was its guest of honour at dinner in 1963. In 1918 a group from the school worked on the land near Peterborough and Richards is reported as entertaining his schoolfellows on the train journeys with selections on the flute and also as keeping an ants' nest in his bedroom. He left school with higher certificates in mathematics with subsidiary physics and chemistry gained in 1919 and in biology, with distinction, gained in 1920, and was awarded a borough major scholarship. His aptitude for mathematics derived probably from his father whose sister was an excellent teacher of the subject.
At school he was not only a versatile scholar but also a successful athlete. He is described as a well-built boy who became captain of the rugby team and to whose fine running many of the school's successes were due. He was the Victor Ludorum winner in 1919 and runner-up in 1920 when he achieved a record long jump. He was quartermaster of the cadet corps as well and so perhaps expectedly is remembered by those younger than himself as something of a hero. He also was prominent on the literary and debating society and took a leading part in the first school play staged on the occasion of the quatercentenary.
In 1921 Richards proceeded to Birmingham University, travelling each day from Burton. He entered the Botany Department then directed by Professor R. H. Yapp. During his undergraduate days he seems to have devoted himself entirely to his work and no evidence is forthcoming of his taking part in any athletic or literary activities. A fellow student recalls him as lively and full of fun and at times startlingly unconventional in his remarks and the impression of a staff member is of a quiet, pleasant and unassuming person wrapped up in his work which he pursued in a slow, deliberate and extremely thorough manner. By 1922 he was already recognized as an exceptional student, so that when Professor Yapp took a volunteer party of staff and students to the Dovey estuary to help with his researches into salt-marsh ecology Richards was put in charge of one of the projects.
The work was concerned with the process of building and the subsequent history of a salt marsh and the effects of salt-marsh plants in controlling geological processes. Even at this early stage in his career Richards showed his characteristic thoroughness and acquainted himself with all aspects of the problem. His initial responsibility was for the surveying of certain areas of the marsh but his interest once aroused he assisted in a further survey in 1925 and later collected data about vertical accretion. When Professor Yapp died Richards took over and completed the long-term experiment designed by Yapp, prompted both by interest and by a high sense of duty. He visited the marshes finally in 1930 and with his wife's help carried out the final survey. The results were published in 1934 and the paper makes a notable contribution to the progress of ecology. In it statistical procedures of correlation and regression were applied so enabling quantitative estimates of accretion to be made. At this time Richards found it necessary to stress the value of statistical methods as a means of eliminating personal bias as well as being the most efficient way of extracting the relevant information from a large body of data. He was among the first to introduce such methods into the interpretation of ecological data and their value is apparent in the clear-cut conclusions he reached about the very complex process of saltmarsh formation. The main part of the paper deals with the rate of vertical accretion of the sward associations and in addition information is recorded about rate of colonization of bare silt, rate of erosion of the river front and other matters. Institute had been set up by the Ministry of Agriculture as a result of sugges tions by Blackman, before the first world war, that public money should be made available for research in crop physiology. Implementation of his plans was delayed by the first world war but eventually the scheme was started with a small staff and Gregory had begun work with barley in 1921. It was necessary to have some field facilities and these were provided by the cooperation of Sir John Russell who made available a room in the main laboratory block and some field space at Rothamsted Experimental Station, Harpenden. Gregory had used this space to set up field experiments and after six months in London Richards went to Harpenden where all but the last few years of his career were spent. He became a familiar figure walking in a slow but purposeful manner twice a day across Harpenden Common from his home to the laboratory, clad in a rather long overcoat, wearing a hat and carrying a stick. He never appeared to be in a hurry but nevertheless retained some of his athletic skill and used it occasionally when need arose. For example, one day a small rabbit was seen eating some experimental plants whereupon Richards made a dive for it and caught it as it scampered off.
The general aim of the experiments which Gregory had undertaken was to define the effects of the major mineral nutrients, nitrogen, potassium and phosphorus on the growth, development and yield of barley as a typical cereal crop. Three characters which could be measured were chosen to provide quantitative data about the plant responses. These were leaf area, recording increase in assimilating surface; tiller production recording meristematic activity and dry weight determining the results of the total activity of the plant. This procedure was termed growth analysis and some or all of these measures were used throughout all the subsequent work. By the time Richards arrived Gregory (with F. Crowther) had completed a preliminary survey of the effects of the three elements on growth of barley and had devised suitable nutrient solutions for sand cultures based on the mineral composition of the plant at harvest. Gregory and Richards worked in close collaboration and their widely differing temperaments made an admirable combination. Gregory's spate of imaginative ideas, so readily expressed, were sifted carefully and tested and often extended by Richards who, with patience and clear sight translated the thoughts into practical schemes. It was a stimulating experience to listen to one of their discussions. As time went on Richards took over control of all the Institute's work on mineral nutrition and continued to work in this field till his death. He outstripped his earlier mentor in fact and one of his last writings was a detailed but kindly criticism of some of Gregory's early work. The nutritional studies were published in a long series of papers in the Annals of Botany beginning in 1929 and entitled 'Physiological studies in plant nutrition'. The series contains a unique body of data which forms a major contribution to the subject and indirectly to modern fertilizer practice. The early numbers of the series also at the time provided a model of experimental design and of data handling, demonstrating the value of applying the then new statistical procedures published by R. A. Fisher. The work found wide application and many of the conclusions have proved to be of general value. On a number of the papers Richards's name does not appear, but to them all he contributed not only by advice and discussion but by the day-to-day supervision of those of Gregory's post-graduate students who carried out their work at Rothamsted.
All Richards's papers in this series conform to a single pattern. He adopted the growth conditions used first by Gregory and set out to establish facts about the nutrient effects on barley without any preformed prejudice about the subsequent interpretation of his data. He aimed at expressing his findings with a calculated degree of certainty provided by the statistical analysis. He was indeed a pioneer in the 1920s of the application of correlation pro cedures and of the analysis of variance to whole plant physiology. He soon realized that the response of plants to any one element depended as much on the amounts and nature of the other elements available to the plant as on the concentration of the particular one under study. He faced the great difficul ties thus presented by such work with whole plants and designed and executed the very large experiments necessary to take account of the inter actions arising from variations in both the level and nature of the mineral supply. Single experiments might have twenty to thirty separate treatments demanding enormous numbers of measurements and analyses. In these he was helped over the years by a succession of research students whom he guided with quiet confidence. Although he never did any regular teaching he was able to inspire the research students and encourage the development of critical faculties. All of them learned to appreciate his gifts and regarded him with the greatest respect.
The data collected in each experiment were elaborately analysed and the validity of the conclusions discussed in minute detail. He was then able to state in simple and clear terms the main results achieved and draw attention to points likely to be important but not yet established with certainty. To present his data he sometimes used an elegant diagrammatic method which he had worked out for factorial experiments. This enabled possible inter actions between variables to be judged by eye and also the magnitude of the interactions could be determined from the diagram. The second feature of his papers is the long general discussions in which the implications of facts are dealt with in terms of a wide range of physiological and biochemical
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processes of the plant cell. Here he shows an impressive knowledge spread over the whole field of plant physiology. He allows himself to speculate on possible interpretations of the results as well as to evaluate the relevant work of others in relation to his own, all again at length.
The experiments were carried out under conditions which today would be considered primitive. The plants were grown in the open in large glazed pots and supplied with the appropriate nutrients. Two wooden huts on the field provided the base for the operations and protection from rain was given by drawing transparent shades over the long lines of pots when necessary. Constant vigilance was obviously required and even so, hazards such as exceptionally violent storms could ruin an experiment by washing out the pots. Richards accepted these limitations with apparent equanimity and maintained an efficient organization to ensure the success of the work, always being on the alert himself seven days a week during the summer growing season. His first task at Rothamsted was to determine the general course of respiration and assimilation of barley leaves in succession through out the life cycle of the plant and to examine the modifications resulting from deficiencies of nitrogen, potassium and phosphorus. At the time, apart from a paper by G. E. Briggs concerned with influence of potassium, iron and magnesium on assimilation there was virtually no information about effects of mineral nutrition on physiological processes. He set about this task with characteristic attention to detail and with caution. The first point considered was how to collect samples, which could be accepted as compar able, from plants whose growth was greatly modified by variation in nutrient supply. The procedure chosen was to compare characters of leaves detached from main stems at the point when full expansion was attained. Assimilation rate was measured immediately following detachment and then respiration rate. In some of the current published work the assumption was made that leaves present on a shoot at any one time constitute an age series from which the age sequence in any one leaf can be deduced. Richards pointed out that it is not legitimate to assume that each leaf on a plant begins its history with the same constitution and repeats in its turn the same succession of physiological changes and at the same rate as every other. His analyses of barley leaves indeed showed that in almost every observed respect successive leaves were so unlike as to invalidate any attempt to deduce the age sequence of a single leaf from the particular values observed in successive members at any one time. He was able to show that some, at least of the conflicting claims about age effects could be attributed to confusion of the two age drifts of which account must be taken, namely that of the whole shoot and that of each individual leaf. By using leaves at the same developmental stage he dealt specifically with the former.
He next concerned himself with the biologist's perennial problem of the best basis of reference on which to present assimilation and respiration results. This led him to make determinations of leaf area and dry weight. He was able to show that almost all the divergence in the ratio of dry weight to leaf area was due to the extent to which the leaf inflated with water. Large differences between the curves representing respiration of successive leaves taken from plants differently manured when expressed on a leaf area or on a dry weight basis were therefore attributable to differences in water content brought about by treatment. As a result he expressed his results in terms of dry weight. These observations opened up the question of effects of nutrition on water content to which he returned at a later date.
The overall results of this investigation were stated in a few sentences whose content has been widely quoted. The conclusions were that respiration rate is lowered by nitrogen deficiency, raised by potassium deficiency and unaltered by phosphorus deficiency. Assimilation rate, at low light intensity, was on the other hand normal under nitrogen deficiency, subnormal with potassium deficiency and supernormal with phosphorus deficiency. At high light intensity the effects were similar for potassium and phosphorus but assimilation was somewhat subnormal with nitrogen deficiency. In a further experiment the increase in respiration due to lack of potassium was examined in greater detail. Using total and partial correlations it was shown that there was no correlation between assimilation and respiration rates except in plants totally starved of potassium. Here the low assimilation rate was accompanied by low sugar contents and so it was suggested that in these circumstances sugar became an important factor in controlling respiration rate which was not the case when potassium deficiency was only moderate. At no level of potassium manuring was there any correlation between the potassium content of the plant and respiration, so that, in the wholly starved leaves, it was concluded that assimilation rate depended upon the potassium content and respiration in its turn on the amount of sugar produced in the assimi lation period prior to the measurement of respiration. When potassium supply was ample there was no correlation with either assimilation or respiration. It was observed that potassium deficient plants were high in both amide and amino nitrogen and the view was expressed that it was this high level of soluble nitrogen which accounted for the high respiration rates.
Richards next turned his attention to the effects of mineral nutrition on the nitrogen metabolism, using the same techniques of growth and sampling. The main findings were that nitrogen deficiency reduced the plant's nitrogen content but did not alter the relative amounts of protein and soluble nitrogenous compounds. Phosphorous deficiency seriously impaired protein synthesis and soluble nitrogenous compounds accumulated, while potassium deficiency affected protein synthesis, but not directly. This latter result was contrary to much contemporary opinion and a long and very critical examination of the literature dealing with the influence of potassium is presented. Richards refutes the idea that potassium influences protein synthesis directly and puts forward an alternative hypothesis of indirect action based on the assumption that potassium is necessary for some sub stance or condition on which protein synthesis more directly depends.
Perhaps an outcome of these experiments equally important as the precise
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Biographical Memoirs way in which Richards was able to state his main conclusions was that at this stage he had shown quite clearly that any real understanding of the effects of the major nutrients on plant metabolism must take into account the large interactions found between the variables over the range of concentrations he had studied. This was particularly evident in respect of the effect of different degrees of potassium deficiency on protein synthesis. Accordingly he now focused his attention on potassium and its interactions with phosphorus, when these nutrients were supplied over a wide range of concentrations, in respect of respiration rates, nitrogen and carbohydrate metabolism. Widely different plant types resulted from the treatments given and among other features observed was an effect on developmental rate which led him to express the warning that comparison of data obtained at the same time may give an entirely false picture of the effect of an element, because the differ ences in physiological age of samples from plants receiving different treatments will confuse the issue. This work confirmed in general the earlier conclusions derived both from his own work and that of Gregory & Sen and Gregory & Baptiste who, over the same period, had, in close collaboration with him, made extensive studies of effects of nitrogen and potassium deficien cies on carbohydrate and nitrogen metabolism of barley. It was now manifest that effects of potassium were manifold and dependent on the balance of nutrients supplied. For example, in extreme phosphorus deficiency the low respiration rates induced were modified by potassium supply because of its tendency to raise respiration rate. As with protein he found no consistent effect of potassium on carbohydrate content. Finally the dependence of respiration on nitrogen rather than sugar content was firmly established. Some years later Richards returned again to the question of the balance of nutrients in the plant and in particular the possible deleterious effects of excessive internal accumulations of phosphorus when potassium was in short supply. Since he had already shown that concentrations of sodium and calcium affected the response to potassium, two types of culture solution were used in which nitrogen was supplied either as sodium or calcium salts. One interesting fact which emerged was that the plants always showed clear signs of either potassium or phosphorus deficiency. Which type was produced varied with the sodium calcium balance and was also rather critically dependent on some uncontrolled factor since sometimes plants within a single pot differed. The analyses revealed that excesses of sodium or calcium could be discounted as being important but that there was no doubt about the ill-effects of high internal concentrations of phosphorus. Inorganic phosphate was always high when adverse symptoms appeared and Richards put forward the hypothesis that the increase in carbon dioxide output associated with high phosphorus was the chief reason for the deleterious effect. The argument was chat the deficiency of potassium, by reason of the low assimilation rate it produced, left the plant short of carbohydrate and that the high phosphorus further exacerbated the lack by removing excessive amounts of carbohydrate in respiration. Richards maintained his interest in this topic and one of the last series of experiments he initiated was an investigation into the effects of potassium and phosphorus on uptake and growth and on the amine concentrations of leaves. This was an attempt to try and define the meaning of the much used concept of 'balance of nutrients' in a more precise way. The results are set out in two papers published posthumously.
In the course of the experiments dealing with nitrogen nutrition it became apparent that when barley received nitrogen in the form of ammonium salts the plants became very sensitive to potassium deficiency and indeed many plants died under these circumstances, although they grew reasonably well with ample potassium. This led Richards to explore the possibility that other alkali metals could replace potassium and so permit plants to grow at low potassium levels in presence of ammonium salts as the nitrogen source. Lithium, sodium and caesium were found to be ineffective, but rubidium behaved quite differently and its presence removed the immediate toxic symptoms, allowing early growth to proceed. However, as the plants developed, further toxic symptoms due to the rubidium appeared. Rubidium was able to counter internal accumulation of both phosphate and ammonium and so produce a beneficial effect on early growth. Once again the response was highly complicated and depended on the other nutrients available. Rubidium was thus able to perform some of the functions of potassium and Richards thought this might be a useful tool in the effort to elucidate potassium function.
A further finding from the Institute studies on potassium nutrition was that deficiency could lead to greatly increased succulence of the foliage. This result was diametrically opposed to certain results of others. In seeking an explanation of this discrepancy Richards's approach was to study the existing information on the subject and then in his penetrating way, drawing on his own much more comprehensive experiments, to show very effectively the uncertainties which arose when general statements about potassium function were attempted. He noticed that the composition of the culture solutions used in the several investigations was different and since it was already clear that the type of plant produced and the physiological responses observed depended on the other ions as well as on the potassium he surmised that it was this difference in nutrient supply which brought about the confusion of views. To test his point, he designed an experiment involving twenty-two manurial combinations in which the variables were potassium, phosphorus, sodium and calcium. Water content and the internal content of these ions were estimated and as usual there followed an elaborate analysis and discussion. The significant effects on succulence were that in general increasing shortage of potassium led to progressive increase in succulence, thus confirming the earlier work. However, both calcium content and the calcium sodium ratio modified the response. Again though low phosphorus supply reduced water content the effect was eliminated when potassium was in ample supply. These complex variations in leaf water content were Francis John Richards 431 accounted for very largely in terms of the internal amounts of the four elements, potassium, phosphorus, sodium and calcium. However, potassium proved to be the only one of the four which, apart from small interaction effects, failed to show a significant correlation with water content. The reason for this apparent independence of potassium and water content was obscure and Richards indulged in some speculation as to how it might come about. The indirect effects of potassium were found to operate in either direction and of a number of factors mentioned which might be directly affected by potassium, carbohydrate was further considered. There was an inverse relation between water content and carbohydrate throughout the life of the plant and after explaining how high insoluble carbohydrate could influence cell extensibility and so water uptake and how sugar will influence osmotic behaviour he concludes that the significance of interactions associating potassium and water content would probably disappear if the effects ascribable to carbohydrate could be eliminated from the correlations. The intricate nature of the relation of water content to ion content was made abundantly clear and as well the fact that the discrepant views reported arose from failure to consider the interactions which arise.
With the advent of chromatography the amino acid distribution in leaves receiving different types of nutrition could be examined and this revealed that potassium deficiency was accompanied by accumulation of some soluble nitrogen compound other than a protein amino acid. The unknown substance proved to be the diamine putrescine which was isolated and characterized. Putrescine was only found in the barley seedling lackingadequate potassium and it accumulated during growth. Maximum accumu lation was associated with the appearance of severe symptoms of potassium deficiency. It was then demonstrated that if putrescine was supplied to normal leaves symptoms of potassium deficiency could be induced. This was the first time that symptoms of a nutritional deficiency had been certainly attributed to a specific compound produced in the leaves by a derangement of the normal metabolism. Richards here again showed his versatility by directing an investigation into the pathway of putrescine synthesis in the leaf. It was found to derive from arginine and the intermediate steps in the conversion were defined. Instead of the usual conversion to citrulline and ornithine, arginine was converted to agmatine (1-amino-4-guanidino butane) and this substance was then dehydrogenated and decarboxylated to form putrescine. Flax and clover were also studied and showed striking differences from barley. In flax putrescine was not formed and instead arginine accumulated when potassium was lacking. In clover the putrescine itself was further metabolized to a substance not yet identified. The possible role of amine oxidases in the process was under study at the time of Richards's death.
Richards's achievements in this long series of experiments with barley have perhaps not yet received the recognition they merit. This is because to follow his meticulous exposition and appreciate the way in which he builds up his case requires a great deal of time and thought, more than many scientists are prepared to give. To do so is nonetheless a fascinating and rewarding experience and an education in how to approach the immensely difficult study of whole organisms.
His contribution to contemporary plant physiology was not confined to the nutritional studies. Concurrently he made an equal or even more distinguished contribution to the neglected topic of phyllotaxis. His interest in this subject was stimulated partly by discussions with Gregory and partly by his fondness for applying geometry and algebra to biological problems. Although R. and M. Snow were doing highly original work, by surgical techniques, on leaf positioning, the story of phyllotaxis was on the whole out of fashion with botanists. It suffered from the fact that every method pro posed to describe the natural patterns depended on the particular theory advanced by each investigator to explain the causes of leaf positioning. In order to explain some of the observations and the often highly accurate spacing of new leaf or flower primordia at the growing points assumptions were made that the apex possessed a 'Fibonacci sense' or that general 'spiral tendencies' in growth found expression in this way. Mathematical theories put forward in which the spiral arrangements of leaves and their contact patterns with one another were represented by models which only im perfectly matched the situations found served to dispel rather than arouse interest in this fascinating field of study. Richards's approach to the problem was to aim at once at a rigid separation of the system describing the observed facts from any underlying theory attempting to describe the method by which the patterns might originate. His achievement in devising a method by which the phyllotaxis of any plant apex can be described in completely unbiased mathematical terms by means of the phyllotaxis index (using transverse projection) and the equivalent phyllotaxis (on an approximately conical surface) at once removed all the hypothetical and mystical notions associated with the patterns found in nature. The combination of measure ments needed to determine the phyllotaxis index is based on the tangential spacing (Fibonacci angle) which had been taken into account in all previous theories and a measure of the radial spacing (the plastochrone ratio), namely the ratio of the distances of two successive primordia from the centre of the system or its double logarithm. Using these two measures the phyl lotaxis system of any apex can be described unequivocally and if the angles of intersection of the two sets of spirals running in opposite directions which join the primordia in mutual contact are known, then the actual shapes of the primordia are defined. Church's method of describing phyllotaxis by stating the numbers in each of the two sets of contact spirals (contact parastichies), for example (3+5) is not unequivocal and nor are any of the earlier descriptive theories. Using the plastochrone ratio and the phyllotaxis index derived therefrom Richards calculated what degree of error in the spacing of primordia was permissible without disrupting the overall pattern. His calculation showed that considerable error is possible provided that the position of each new primordium falls in the angle between the two older ones and somewhat nearer the older of the two. Thus no 'Fibonacci or spiral sense' is required even in higher systems in which accuracy of tan gential spacing of a few degrees of arc is actually found. By making appro priate adjustments all other known systems of phyllotaxis as well as the spiral one can be fitted into the scheme. Richards also worked out practical ways of making the necessary measurements on plant material which he used to test his scheme. He made a further major development of his method by considering the relations of the rates of growth at the terminal growing point to the phyllotaxis patterns. This involved taking account of the enlargement of the central bare apex, its sudden reduction each time a primordium separates from it and of the rate of primordial growth itself. All these rates change independently and all were assessed effectively. This work put the entire subject on to a sound quantitative basis entirely uncluttered with any theory about how the process operates.
Finally he developed a flexible generalized growth function of an em pirical nature which proved of great utility and suitable for many types of data. It has found application not only for expressing the course of plant growth but, for example, in population studies of fish.
Richards was elected into the Royal Society in 1954 soon after the publication of his treatise on phyllotaxis was published in the Transactions. Richards served as executive editor of Plant and Soil for a number of years and as an associate editor of the Journal of Experimental Botany. During the second world war he was a member of the Home Guard. When the Imperial College Botany building was commandeered at the outbreak of war, O. V. S. Heath, R. V. Martin and H. K. Porter were transferred from London to the small laboratory recently completed at Rothamsted for the College, of which Richards was in charge. Fie welcomed his colleagues with the greatest kindness and spared no trouble in helping them to get their work started, sharing his limited facilities with complete unselfishness. Later the group was joined by W. W. Schwabe who, with Richards's help, conducted an investigation into the responses of bracken to mineral nutrition. Sub sequently Schwabe's research was concerned with photoperiodism but he had been much influenced by Richards and, although working inde pendently, they established a close relationship and Schwabe remained at Rothamsted when the others returned to London after the war.
When Gregory retired in December 1958 the Research Institute was disbanded and a new Unit of Plant Nutrition and Morphogenesis was set up
